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Background: Fluoride and chlorhexidine (CHX) are state-
of-the-art preventive measures for remineralizing teeth and
for preventing plaque accumulation. The aim of this study
was to examine the effects of fluoride and CHX varnishes on
root caries and microbiota located on root surfaces.
Methods: Thirty-three patients from a periodontal mainte-
nance program, having at least one tooth with gingival reces-
sion in each quadrant, participated in this study. One tooth per
quadrant was assigned randomly to the control group or to one
of the test groups that were treated with fluoride varnish, 1%
CHX, or 40% CHX. The varnish treatment and the tooth clean-
ing were repeated every 3 months. Clinical examinations were
performed at baseline and once a year for 3 years. Caries sta-
tus and oral hygiene indices were evaluated clinically. The
total cultivable microbiota and percentage of Mutans strepto-
cocci (MS), Actinomyces (ACC), and lactobacilli (LB) were
analyzed.
Results: Oral hygiene was improved greatly during the
course of the study. The percentage of MS, ACC, and LB of
the total cultivable microbiota revealed a statistically signifi-
cant reduction between baseline and final examination for
each of the four groups.
Conclusion: Professional tooth cleaning alone at 3-month
intervals might be as effective in reducing MS, ACC, and LB
as adjunctive treatment with fluoride or chlorhexidine. J Peri-
odontol 2007;78:1580-1589.
KEY WORDS
Chlorhexidine; fluoride; microbiology; periodontitis;
root caries.
R
oot surface caries is a common
problem encountered in dental pa-
tients with increasing implications
for public health.1 The growing geriatric
population in many developed countries
is expected to retain their teeth into old
age. According to epidemiologic studies,
root caries is prevalent among patients
with treated and untreated periodontal
disease.2-4 As a direct consequence of
periodontal disease or its treatment, the
gingiva recedes, displaying the root sur-
faces supragingivally5,6 and exposing
them to carious insults. Bacterial dental
plaque is a key component in the devel-
opment of root caries.
The etiologic bacteria for initiation and
progression of root caries have been in-
vestigated. Initially, Actinomyces (ACC)
was believed to be the pathogen initiating
root caries.7-9 More recently, Mutans
streptococci (MS) and lactobacilli (LB)
also have been considered to contribute
to root caries.10-12 Collectively, a com-
plex of microbiota may facilitate the
pathogenesis of root caries.
Accessibility, root morphology, and
the rate of caries progression pose limita-
tions on the therapy of root caries lesions.
Therefore, the prevention of root caries is
desirable. Fluoride is a well-established
preventive measure for root caries and
for the reversal of carious initial lesions
in general. Many clinical studies have
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validated the application of fluoride in preventing and
remineralizing root caries.13-15 Another antibacterial
agent, chlorhexidine (CHX), is effective in reducing
the numbers of MS in dental plaque16-18 and in inhib-
iting the development of fissure caries19 when applied
to the tooth surfaces as a varnish. Persistent reduction
of MS was shown to depend on the CHX concentra-
tion. When comparing the effects of 10% CHX, 20%
CHX, and 40% CHX over 22 weeks, only the 40%
CHX varnish reduced the numbers of MS in fissures.17
The aim of this 3-year prospective clinical trial was
to examine the effects of fluoride and CHX varnishes
on the incidence of root caries and microbiota at root
surfaces in periodontitis patients participating in a
periodontal maintenance program. The efficacy of
the dental varnishes was tested on MS, ACC, and LB
growth. The varnishes were reapplied every 3 months
during the 3-year study period.
MATERIALS AND METHODS
For this 3-year study, volunteers were recruited from
the Department of Periodontology, Charité – University
Medical School of Berlin. Prior to the start of the
study in January, 2000, the study design was re-
viewed and approved by the ethics committee of the
Charité – University Medical School of Berlin. All par-
ticipants gave their informed consent. Thirty-three
subjects, 12 (36.4%) males and 21 (63.6%) females,
joined the study. At enrollment, all subjects had re-
ceived and completed periodontal therapy and had
been participating in a periodontal maintenance pro-
gram for 1 to 18 years. The mean age of the subjects at
baseline was 53.99 – 8.11 years, with a range of 37 to
66 years. The current and past prevalence of dental
caries was obtained by calculating the number of de-
cayed, missing, filled surfaces (DMFS), and the future
risk for caries was estimated by MS levels in saliva us-
ing a chair-side saliva test.¶ The study subjects dem-
onstrated high past and present caries activity,
reflected by a mean DMFS of 69.26 – 29.58, and high
levels of MS in saliva, reflected by a score of 3, corre-
sponding to colony forming unit (CFU)/ml saliva
‡105, on a scale from 1 to 4.
Inclusion criteria for the subjects were the presence
of at least one tooth with gingival recession in each
quadrant, a sound and intact root surface at the
exposed site, and a recession ‡2 mm from the
cemento-enamel junction (CEJ) to the free gingival
margin. Further, the subjects were required to be in
good general health, to have ‡20 natural teeth, and
to have a stimulated saliva secretion rate ‡0.7 ml/
minute. Exclusion criteria were the use of systemic
medication interfering with the condition of periodon-
tal tissues or the risk for caries development, the use
of systemic antibiotics or an antibacterial mouthrinse
<2 months prior to the beginning of the study and prior
to each examination, or local application of fluoride or
antibacterial agents 3 months prior to the beginning
of the study. During the entire study period, two sub-
jects used systemic antibiotics and completed the
regimen >8 weeks before examination. Four subjects
were smokers with an occasional consumption of one
to two cigarettes per day.
Plaque Sampling
Plaque samples were taken after each examination
at baseline and after 12, 24, and 36 months (Fig. 1;
Table 1). Prior to collecting the plaque, the subjects
received a professional teeth cleaning and were asked
to refrain from brushing their teeth. Plaque was al-
lowed to accumulate for 48 – 2 hours to obtain mature
plaque in a standardized manner.20 Plaque samples
were collected from test and control teeth that had
been isolated with cotton rolls and dried. Only facial
surfaces were sampled.21 The supragingival samples
were taken with a sterile Gracey curet,# which was run
from the mesial to the distal side of the root surface.
An effort was made not to touch the gingiva with the
curet. Plaque samples were dispersed in 1 ml cold
(6C to 8C) reduced transport fluid (RTF; 0.6%
K2HPO4, 1.2% NaCl, 1.2% (NH4) 3 SO4, 0.6% KH2PO4
0.25% MgSO4, 0.1 M EDTA, 8% Na2CO3, 1% dithio-
threitol, 0.1% resazurin, and distilled water)22 serially
diluted to 1:10 in RTF and transported immediately to
the microbiology laboratory. One plaque sample was
obtained from each tooth and analyzed individually.
After obtaining and processing the plaque samples,
all teeth were cleaned and polished. In the laboratory,
the plaque sample was examined first under a light
microscope. Aliquots of adequate dilutions (serial di-
lutions of 1:100, 1:10,000, and 1:1,000,000) were
plated on different agars and cultured under anaero-
bic conditions at 35C to 37C. After 7 days, CFUs
were counted using a stereomicroscope at magnifica-
tions of ·10 to ·15. Brain heart infusion agar supple-
mented with 5% defibrinated sheep blood** was used
for total anaerobic bacterial counts. The species of the
bacteria were determined by growth on selective
media: LB on modified Rogosa agar,†† ACC on cad-
mium fluoride acriflavin tellurite (CFAT) agar,‡‡23
and MS on mitis salivarius agar.§§24 We determined
the proportion of each organism relative to the total
cultivable microbiota. Total counts for each bacterial
species grown on the selective agar were expressed as
a percentage of the total number of colonies. All bac-
teriologic analyses were performed by TK.
¶ CRT – Caries Risk Test, Vivadent-Vivacare, Schaan, Liechtenstein.
# Hu-Friedy, Chicago, IL.
** BAG, Lich, Germany.
†† Heipha Diagnostika, Heidelberg, Germany.
‡‡ BAG.
§§ BAG.
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Clinical Examination
Clinical examination was performed 48 – 2 hours be-
fore the bacteriologic sampling. To avoid interex-
aminer differences, all examination procedures and
varnish applications were performed by the same ex-
perienced clinician (DH). Therefore, the clinical pro-
cedures were not blinded. Prior to the study, the
clinician was calibrated on a series of patients to en-
sure validity of the clinical measurements. Plaque
records were assessed according to the approximal
plaque index (API; scored according to Lange et al.25)
and plaque index (modified Quigley and Hein in-
dex26 [QHI] scored according to Turesky et al.). Gingi-
vitis was recorded using the papillary bleeding index
(PBI; scored according to the criteria of Saxer and
Mühlemann27). API, QHI, and PBI were recorded 48 – 2
hours before collecting the plaque. The gingival reces-
sion or hyperplasia was measured clinically at four
sitesper tooth, twosites faciallyand twosites lingually,
with a University of North Carolina periodontal probeii
as the distance between the free gingival margin and
the CEJ. Root caries was recorded on exposed facial
root surfaces at baseline and after 12, 24, and 36
months. Concurrently, the texture and color of the le-
sion were recorded. Apparent lesions were judged as
active when greasy, yellowish or light brownish, and
soft on light probing. Inactive lesions were assumed
when the color was brownish tan or dark, smooth,
andsound onprobing.28 If root caries developedduring
the study period, the study protocol included adequate
rescue therapy of the lesion. Clinical and microbiologic
examinations were performed at baseline (E0) and af-
ter 12 (E1), 24 (E2), and 36 months (E3).
Treatment
For each subject, the qualifying tooth from each quad-
rant was assigned to the control group (group A) or to
one of the test groups (groups B through D). The
assignment of quadrants and tooth type (incisor, pre-
molar, and molar) to the various groups was per-
formed using a randomization list. All subjects used
the same fluoride toothpaste¶¶ with their own tooth-
brush and interdental brush throughout the study pe-
riod of 3 years. The subjects were discouraged from
using an antibacterial mouthrinse during the study pe-
riod. If a pocket displayed bleeding on probing, the
pocket was scaled and root planed thoroughly prior
to the professional teeth cleaning (Fig. 1). In addition,
oral hygiene instructions were given to the partici-
pants. In the event of generalized recurrent periodon-
titis, the study protocol included removing the patient
from the study and providing rescue periodontal ther-
apy. Supportive periodontal treatment was performed
for all subjects at 3-month intervals, for a total of 13
sessions of teeth cleaning, flossing, oral hygiene in-
structions, and varnish application (Table 1; Fig. 1).
All subjects received the same program.
The varnish was applied to the root surface every 3
months after teeth cleaning and polishing with a fluo-
ride-containing paste (Table 1), either at bacterio-
logic sampling or at maintenance-only sessions.
The teeth receiving the varnish were isolated with cot-
ton rolls quadrant-by-quadrant and dried with an air
syringe; the respective agents were applied with a
disposable microbrush. Teeth in the control group
(group A) were polished with a fluoride paste (Fig. 1).
Teeth of group B were treated with fluoride varnish,##
teeth of group C were treated with 1% CHX*** var-
nish, and teeth of group D were treated with 40%
CHX.††† According to the manufacturer’s instruc-
tions, the 40% CHX varnish was left in place for 8 min-
utes and then removed with a rubber cup, polishing
paste, and dental floss. The subjects were instructed
to avoid beverages or food for 4 hours after the fluoride
varnish application and for 2 hours after the 1% CHX
application; only water was allowed after 1 hour. Diet
was not restricted following the application of the 40%
CHX, according to the manufacturer’s instructions.
Data Analysis
All statistical analyses were performed with a statisti-
cal program.‡‡‡ The distributions were analyzed using
the Kolmogorov-Smirnov test. Data analysis was ac-
complished using the non-parametric Friedman and
Wilcoxon tests. The dependent variable was the change
in the bacteriologic counts compared to baseline. The
tests were performed with a = 0.05 to test for
significant differences between baseline and annual
examinations (E1 through E3) and between the groups
(A through D).
RESULTS
Thirty-three subjects entered the study, and 29 pa-
tients completed the study. The absolute dropout rate
was 6.0% (two patients) after 1 year, 9.0% (three pa-
tients) after 2 years, and 12.1% (four patients) after
3 years. Teeth distribution among the four groups
was as follows: group A: 25 incisors, three premolars,
and one molar; group B: 24 incisors, four premolars,
and one molar; group C: 26 incisors and three premo-
lars; and group D: 25 incisors, three premolars, and
one molar.
Data regarding PBI, QHI, API, total cultivable mi-
crobiota, and percentage CFUs of MS, ACC, and LB
were not distributed normally (Kolmogorov-Smirnov
test).
ii Hu-Friedy.
¶¶ Elmex sensitive, GABA, Basel, Switzerland.
## Duraphat; 2.26% sodium fluoride; Colgate-Palmolive, Piscataway, NJ.
*** Cervitec; 1% chlorhexidine and 1% thymol; Vivadent-Vivacare.
††† EC 40; 40% chlorhexidine; Explore, Nijmegen, The Netherlands.
‡‡‡ SPSS, version 12.0 for Windows, SPSS, Chicago, IL.
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Gingival Status
The PBI at the baseline examination was significantly
higher than the PBI at the final examination after
3 years (Friedman and Wilcoxon tests) (Fig. 2).
Plaque Status
The analysis of plaque accumulation at the end of the
study showed that the API and QHI had decreased
over the 3-year study period. The differences were
statistically significant between baseline and final
examination (Friedman and Wilcoxon tests) (Figs. 3
and 4).
Caries and Recessions
No new carious root surface lesions were detected
at the study teeth. The amount of recession did not
change significantly during the study.
Plaque Samples
The Friedman test revealed no significant differences
in the number of total cultivable microbiota during
the experimental period for all four groups.
Table 1.
Outline of Study Design
Months
0 3 6 9 12 15 18 21 24 27 30 33 36
Examination E0 E1 E2 E3
Plaque sample X X X X
Periodontal
maintenance X X X X X X X X X X X X X
Varnish X X X X X X X X X X X X X
X = dental visit.
Figure 2.
PBI at baseline (E0_PBI) and after 1 (E1_PBI), 2 (E2_PBI), and
3 years (E3_PBI). *P <0.01.
Figure 3.
QHI at baseline (E0_QHI) and after 1 (E1_QHI), 2 (E2_QHI), and
3 years (E3_QHI). *P <0.01.
Figure 1.
Sequence of the clinical examination, plaque sampling, and intervention.
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The data for MS, ACC, and LB were analyzed as a
percentage of the total cultivable microbiota and are
presented as median, maximum, minimum, and
25% and 75% percentiles in Tables 2 through 4. The
median was used because the data were not distrib-
uted normally. Significant differences were found
within the groups for the percentages of MS, ACC,
and LB of the total cultivable microbiota. The percent-
ages of MS, ACC, and LB of the total cultivable micro-
biota from root surfaces were significantly higher at
baseline compared to examinations E2 and E3 in all
four groups (Tables 2 through 4).
Regardless of the CHX concentration, the percent-
age of MS of total cultivable microbiota following
treatment did not differ statistically from any other
treatment. However, the percentage of ACC of total
cultivable microbiota was significantly lower in the
1% CHX group than in the control or fluoride varnish
group. In the 40% CHX group, the cultivable micro-
biota was significantly lower than in the control group
but not significantly lower than the fluoride varnish
group. The percentage of LB did not show any statis-
tically significant difference between the four groups
(Figs. 5 through 7).
DISCUSSION
As a direct consequence of periodontal disease or its
treatment, the gingiva recedes, displaying the root
surfaces supragingivally5,6 and exposing them to car-
ious insults.
Recessions subsequent to the healing of inflamed
gingival tissues in patients undergoing periodontal
therapy predispose these patients to root caries. In ad-
dition to the control of periodontal pathogens, preven-
tion of root caries in this patient population is crucial
to maintaining oral health. In the present study, we
compared the efficacy of preventive measures in re-
lation to decreases in MS, ACC, and LB counts.
Fluoride and CHX are known to prevent caries and
differ in their respective mechanisms of action. The
caries-preventive effect of fluoride mainly is attributed
to the effects on demineralization/remineralization at
the tooth and oral fluids interface.29 Lesions, which
have advanced into the dentin and are visible as white
spots, can be remineralized with fluoride.30-32 Mech-
anistically, fluoride replaces protons (H+ ions) from
the demineralized hydroxyapatite, which allows cal-
cium to re-embed into apatite.33 In vitro enamel re-
mineralization experiments demonstrated that with
increasing concentrations of fluoride, the calcium loss
from enamel was reversed under acidic conditions.34
When patients with carious lesions used toothpaste
Figure 4.
API at baseline (E0_API) and after 1 (E1_API), 2 (E2_API), and
3 years (E3_API). *P <0.01.
Table 2.
Percentage of MS of Total
Cultivable Microbiota






E0 0.02 30.90 4.40
a,b 1.35 14.38
E1 0.00 125.00 9.25
c,d 0.88 24.33
E2 0.00 35.91 0.05
a,c 0.00 1.38
E3 0.00 11.70 0.40
b,d 0.03 4.00
Group B: fluoride varnish
E0 0.01 84.00 4.00
a,b 0.80 8.80
E1 0.00 78.30 12.40
c,d 1.60 23.80
E2 0.00 2.83 0.00
a,c,e 0.00 0.65
E3 0.00 14.10 0.80
b,d,e 0.02 3.25
Group C: 1% CHX
E0 0.00 27.40 4.30
a,b 0.70 9.90
E1 0.00 37.50 9.10
c,d 1.80 14.80
E2 0.00 5.92 0.26
a,c 0.00 1.02
E3 0.00 20.70 0.30
b,d 0.09 4.70
Group D: 40% CHX
E0 0.06 25.20 2.40
a,b 0.33 13.50
E1 0.00 76.90 8.10
c,d 4.40 19.55
E2 0.00 12.53 0.24
a,c 0.00 1.97
E3 0.00 5.00 0.50
b,d 0.08 2.55
Values with the same superscript letter (a, b, c, d, e) within a group were
significantly different (P <0.05).
Microbiota on Exposed Root Surfaces Volume 78 • Number 8
1584
with 1,000 parts per million (ppm) of fluoride, active
root surface caries converted into inactive caries as a
response to oral hygiene.28
The major benefit of chlorhexidine digluconate is its
antimicrobial activity on MS,35 which is considered to
initiate primary carious lesions36,37 and recurrent car-
ies.38,39 As reviewed by Emilson,40 several clinical
trials demonstrated the efficacy of CHX in caries pre-
vention. The concentration of CHX and the frequency
of applications are the determining factors for long-
term effects. The number of retention sites from which
MS gradually recolonizes affects the success of CHX
treatment negatively.41-43
Patients in a periodontal maintenance phase were
enrolled in the present study, and exposed facial root
surfaces were selected based on their susceptibility to
caries and their accessibility.21 One tooth per quad-
rant was selected to minimize interactions between
different agents.
The plaque sampling was standardized for the in-
dividual build-up of mature plaque within 48 hours.
Our primary goal was to obtain a plaque sample stan-
dardized in quantity and quality. However, the amount
of plaque collected with a curet in one stroke varied.
This may have affected the bacterial counts because
Table 4.
Percentage of LB of Total
Cultivable Microbiota






E0 0.01 106.50 0.30
a,b,c 0.03 1.20
E1 0.00 5.60 0.00
a,d 0.00 0.02
E2 0.00 0.17 0.00
b,d,e 0.00 0.00
E3 0.00 5.00 0.00
c,e 0.00 0.14
Group B: fluoride varnish
E0 0.00 20.90 0.20
a,b 0.05 1.35
E1 0.00 25.60 0.02
c,d 0.00 0.30
E2 0.00 0.95 0.00
a,c 0.00 0.00
E3 0.00 2.80 0.00
b,d 0.00 0.04
Group C: 1% CHX
E0 0.00 12.00 0.10
a,b,c 0.06 1.00
E1 0.00 8.30 0.00
a,d 0.00 0.02
E2 0.00 0.01 0.00
b,d,e 0.00 0.00
E3 0.00 9.90 0.00
c,e 0.00 0.02
Group D: 40% CHX
E0 0.00 14.80 0.10
a,b,c 0.01 0.70
E1 0.00 0.50 0.00
a,d 0.00 0.02
E2 0.00 0.00 0.00
b,d,e 0.00 0.00
E3 0.00 0.60 0.00
c,e 0.00 0.01
Values with the same superscript letter (a, b, c, d, e) within a group were
significantly different (P <0.05).
Table 3.
Percentage of ACC of Total
Cultivable Microbiota






E0 0.20 78.50 18.10
a,b,c 11.88 33.55
E1 0.00 19.10 1.30
a,d 0.00 2.50
E2 0.00 2.38 0.00
b,d 0.00 0.84
E3 0.00 6.90 0.30
c 0.00 1.75
Group B: fluoride varnish
E0 0.50 81.60 19.30
a,b,c 9.93 41.80
E1 0.00 30.00 0.90
a,d 0.01 3.40
E2 0.00 10.31 0.00
b,d 0.00 0.24
E3 0.00 21.70 0.20
c 0.00 4.65
Group C: 1% CHX
E0 0.10 75.90 10.70
a,b,c 3.10 20.35
E1 0.00 47.10 0.40
a,d 0.00 1.70
E2 0.00 8.14 0.01
b,d,e 0.00 0.10
E3 0.00 18.70 0.30
c,e 0.00 4.15
Group D: 40% CHX
E0 0.00 79.20 14.10
a,b,c 1.65 24.80
E1 0.00 7.80 0.70
a,d 0.00 2.80
E2 0.00 6.63 0.00
b,d,e 0.00 0.05
E3 0.00 11.50 0.04
c,e 0.00 1.75
Values with the same superscript letter (a, b, c, d, e) within a group were
significantly different (P <0.05).
Figure 5.
The percentage of MS of total cultivable microbiota: differences
between baseline and 1 year after examination (E_01), between
baseline and 2 years after examination (E_02), and between
baseline and 3 years after examination (E_03) for groups A through
D (no significance).
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they were evaluated as proportions of the bacteria
harvested.20
The varnishes to be tested were applied every
3 months for 3 years. The active components were
1% CHX and 1% thymol, 40% CHX, and 22,600
ppm sodium fluoride. The baseline percentages of
MS, LB, and ACC in the total cultivable microbiota
were significantly different compared to the percent-
ages after 3 years for all groups. Regardless of the
concentration of the CHX preparations, bacterial
numbers were reduced significantly. Previous clinical
studies using CHX to prevent caries in fissures com-
pared different CHX concentrations. Forty-percent
CHX varnish was most effective for MS in human den-
tal plaque in fissures compared to 10% or 20% CHX
varnishes.44 This varnish with the highest CHX con-
centration also was effective in preventing demineral-
ization in vitro when enamel and dentin specimens
were challenged with MS suspensions.45 In contrast,
in the present study on root caries, the concentration
of the CHX varnish (10% versus 40%) did not affect the
counts of MS, LB, and ACC when applied at 3-month
intervals during the 3-year study period.
The 1% CHX varnish also contained 1% thymol as
an active antimicrobial agent. Although thymol by it-
self was shown to inhibit the total growth of Actinomy-
ces naeslundii in 30% to 50% of the patients,46 it had
no noticeable effect on MS or LB. This finding was con-
firmed in our study in the group treated with 1% CHX.
Another in vitro study showed that thymol was active
against different Gram-positive and Gram-negative
bacterial strains as well as yeast.47
In a population of low-income older adults, CHX
was used as a preventive measure; it had similar ef-
fects on the root caries development as found in our
study. The incidence of root caries was reduced to a
statistically non-significant level when a group receiv-
ing a weekly application of 0.12% CHX rinse and a
fluoride varnish was compared to another group re-
ceiving ‘‘conventional’’ care from private dental prac-
titioners.48
Fluoride delivered as a rinse and toothpaste has
been tested for the prevention of root caries. The flu-
oride rinse was a convenient and efficient approach in
controlling the prevalence of root caries in elderly
populations.14 However, the use of a fluoride denti-
frice and a fluoride rinse was not sufficient to prevent
new root caries in periodontal maintenance pa-
tients.49 About 90% of the subjects developed at least
one new root caries lesion during the 2-year study
period.49 In contrast, no root caries developed during
the 3 years in the present study.
Dental plaque matures via a succession of certain
bacterial species intoabiofilm. Initially, earlycolonizers,
such as ACC species, localize at the root surface via
pellicle facilitated by intrageneric coaggregation.50
Figure 6.
The percentage of ACC of total cultivable microbiota: differences
between baseline and 1 year after examination (E_01), between
baseline and 2 years after examination (E_02), and between baseline
and 3 years after examination (E_03) for groups A through D.
*P <0.01; †P <0.05.
Figure 7.
The percentage of LB (lactobacilli) of total cultivable microbiota:
differences between baseline and 1 year after examination (E_01),
between baseline and 2 years after examination (E_02), and
between baseline and 3 years after examination (E_03)
for groups A through D (no significance).
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The established ACC promote the colonization of
Streptococcus species.51 The microbiota at the root
surface form multiple coaggregations leading to the
formation of a biofilm on the root surface.52 In partic-
ular, the metabolism of MS, LB, and ACC seems to act
synergistically, promoting each others’ growth and
culminating in increased acidogenicity.53 During the
instrumentation of the tooth and root surfaces, the col-
onization of dental plaque is disrupted and removed
from supragingival and subgingival surfaces. In our
study, the efficiency of mechanical prophylaxis was
demonstrated by a reduction in the baseline percent-
ages of MS, LB, and ACC in the total cultivable micro-
biota in contrast to the corresponding percentages at
the final examination for all groups. The increase in
MS after 1 year might indicate a microbial shift from
predominantly periopathogenic to predominantly
cariogenic pathogens. A rigorous periodontal mainte-
nance program seemed to promote the growth of MS
in the first year. Similar results were found after initial
periodontal therapy.54 However, at the final examina-
tion, oral hygiene levels and bacterial counts were
equally good when mechanical plaque removal alone
was compared to adjunctive CHX or fluoride applica-
tion. The major factor critical to an increased risk for
root caries is the accumulation of plaque due to poor
oral hygiene55-57 or erratic compliance with periodon-
tal maintenance.58 In the present study, the oral hy-
giene levels of the patients improved continuously
over the 3-year duration of the study. In addition, they
received professional plaque control measures every
3 months. Neither root nor coronal caries developed
de novo during the study period. The efficiency of pla-
que control on caries development is known from a
long-term study of 30 years.59 Patients with the high-
est risk for caries or periodontal disease returned
every 3 months for the preventive program and expe-
rienced an average of only 2.1 new carious lesions.
CONCLUSIONS
Regular professional tooth cleaning, oral hygiene in-
structions at 3-month intervals, and good oral home
care might be sufficient to control the cariogenic
microbiota in patients with completed non-surgical
therapy (scaling and root planing). Adjunctive che-
motherapeutic agents, such as fluoride or CHX, did
not provide an additional benefit over home care
and professional oral hygiene procedures.
ACKNOWLEDGMENTS
The authors thank Prof. J.-F. Roulet, formerly of the
Department of Operative and Preventive Dentistry,
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